Nanocomposites of ZnO have been synthesized by auto-combustion technique to study their electrical (dielectric and direct current), optical, and structural properties by increasing copper content in these composites. Techniques used for characterizing these composite nanoparticles involve X-ray diffraction, scanning electron microscopy, UV-vis spectrophotometry, and photoluminescence spectroscopy. X-ray diffraction patterns suggested hexagonal wurtzite structure of ZnO, which remains unchanged upon increasing the amount of Cu dopant. However, there is a noticeable decrease in the particle size with rising Cu content. Morphology of the crystallites, as observed by scanning electron microscopy, is nearly spherical. Dielectric parameters, including dielectric constant and dielectric loss, decrease, whilst AC conductivity increases with the increase of Cu content as well as with the rise of frequency of the applied alternating biasing field. In addition, DC electrical conductivity is also improved by the enhancement of Cu doping percentage and temperature. These variations of electrical parameters of nanocomposites allow their potential utilization in those devices which are operated at high frequencies. Band gap energy Eg, analyzed by UV-vis spectrophotometer, is noticed to decrease upon rising Cu content from 3.39 eV to 2.46 eV, and depicts a red shift from UV to visible light region. PL emission intensity decreased in the studied light spectrum by increasing Cu content implying that the recombination rate of photo-induced charge carriers decreases effectively. Thus, upon Cu doping reduction in Eg occurs, which along with the reduced recombination rates of photogenerated electrons and holes pairs, becomes a cause of the participation of more and more charge carriers in the photocatalysis process in order to degrade the organic compounds.
Introduction
The particle size of nanocomposite materials in general lies between 1 nm and 100 nm. Due to this nanosize of particles, variations in the band-gap energy are expected, which might become responsible for the electrical and optical properties suitable for optoelectronics devices. Moreover, applications of semiconducting materials such as ZnO, SnO 2 , and TiO 2 may be enhanced by doping [1] [2] [3] [4] [5] [6] [7] [8] . Among these, ZnO has many potential applications such as varistors [9] , solar cells [10] , light emitting devices [11] , for photocatalysis [12] , and cancer treatment [13] . As ZnO possesses significant magnitude (about 60 meV) of exciton binding energy of vitality in comparison to other semiconductors such as TiO 2 , its wide band gap E g of 3.37 eV (at room temperature) * corresponding author also escalates its activity [14, 15] . In addition, low cost, non-toxicity, excellent chemical and mechanical stability make ZnO an ideal semiconductor [16, 17] . Current density caused by the minority charge carriers can be increased or decreased by dopants on developing grain edges, which also cause an increase in the non-linear coefficient a. Some dopants increase the non-linear coefficient by prohibiting the growth of grain boundaries whereas some other dopants improve the electrical properties by decreasing the resistivity and increasing the current density [18] [19] [20] [21] . The dopants, like transition metals (i.e. Co, Fe, Ni, and Cu), assist in enhancing the non-linear coefficient [22, 23] .
In addition to the electrical properties, photocatalytic characteristics of ZnO have been deliberated for encountering the worldwide energy deficit as well as environmental crises in the presence of solar light. Rapid industrialization and development during previous decades have drawn the attention of environmental photocatalysts for water and air sanitization, perilous waste rectification, depolarization, antibacterial, and water decontamination. Due to antibacterial, antineoplastic, wound healing, ultraviolet scattering, and angiogenic properties, ZnO nanoparticles have applications also in animal health and production [24] . Researchers have noticed that ZnO possesses effective photocatalytic efficiency under the irradiation of UV-light because of its wide band gap. The formation of hydroxyl radical ions near the surface of ZnO nanocomposites assists in the degradation of organic pollutants present around it. These radical ions are created as a result of the irradiation of light of suitable wavelength on ZnO. Such irradiation might become a cause of the valence band potential to become sufficiently large in positivity needed for the creation of hydroxyl radicals on the surface, which in turn reduce the formation of molecular oxygen due to the sufficiently large negativity of conduction band [25] [26] [27] [28] [29] [30] [31] [32] . Further, fast recombination of photo-induced charge carriers reduces the efficiency of intrinsic ZnO, therefore to improve its activity ZnO can be doped with metals. The dopants generate traps by creating impurity states in the energy band gap. These traps reduce the recombination rate of photo-induced charge carriers, which consequently enhance the photocatalytic efficiency of ZnO nanocomposites [30, 32, 33] .
There are so many different techniques for synthesizing the ZnO nanoparticles, which include sol-gel, chemical vapor deposition [34] , thermal deposition [35] , spray pyrolysis, precipitation, hydrothermal fabrication [36] , co-precipitation [37] , and auto-combustion method [38] . Amongst these diverse approaches, auto-combustion technique is of great interest due to its low-cost equipment, simplicity, and less processing time. In addition, homogeneity, topography, chemistry and integrity can be well controlled by adopting the auto-combustion method. In this report, the auto-combustion method has been adopted for synthesizing nanocomposites under the conditions that include doping concentration, calcination time, and temperature. Earlier literature reports the magnetic and structural properties of Cu doped ZnO [39, 40] . But there exist only a few studies on the dielectric, DC conductivity, and optical characteristics of such nanocomposites. Therefore, this study demonstrates the least explored domains of structural, frequency, and dopant percentage dependent dielectric properties, temperature, and dopant dependent direct current measurements and optical properties of copper doped zinc oxide nanocomposites. The results have been properly explained and discussed in the light of existing theories with respect to applications of these composite materials for possible catalytic activity.
Experimental

Synthesis of nanocomposite materials
Nanocomposite ZnO powder was prepared through the modest and swift auto-combustion process following the chemical reaction expressed in Eq. (1):
(1) Both reactants were mixed at room temperature in the desired molar ratio. At start, magnetic stirrer was used for mixing these reactants to make a homogeneous mixture. The blend was then dried by heating at around 130-150
• C. To start combustion reaction, precursor was ignited by heating again at around 220-240
• C on hot plate. During combustion reaction, gases (non-toxic) were explosively released, following the sequence i.e., in dehydrated, in voluminous, and in loose nanocrystalline zinc oxide. This as-synthesized powder was then decomposed for three hours at 700
• C in a furnace. Six diverse specimens were prepared by doping different contents of Cu and keeping molar ratio of glycine (fuel) to zinc nitrate constant at Ψ = 1.7. Chemical reaction that occurs during the synthesis of Cu doped ZnO nanoparticles is as follows:
Characterization methods
X-ray diffraction (XRD) patterns were recorded using Shimadzu XD-5A powder diffraction system to identify the phase purity of these as prepared nanocomposite specimens with Cu K α radiations having wavelength λ = 1.5406 Å, whereas particle size and surface morphology of these nanocomposites were examined through scanning electron microscope (SEM, JSM 5910JEOL Japan). Flourescence spectrometer (Fluoro-Mate FS-2) was utilized in order to observe the photoluminescence (PL) emission spectrum at room temperature in the range of 400-700 nm at an excitation wavelength of 325 nm. Absorption spectrum in the UV-visible region was recorded through UV-vis spectrophotometer (Hitachi U-4100) by integrating the relevant accessories in the range of 250-700 nm. Circular pellets were made for the study of dielectric properties (AC conductivity, dielectric loss, dielectric constant, etc.) at room temperature through 2-probe procedure using GW-INSTEK LCR-8101 LCR meter in the frequency range of 20 Hz to 1 MHz.
DC conduction of these nanocomposites was examined at different temperatures by 2-probe method using DC source meter (Model 2400 Keithley) possessing huge amount of input impedance connected in series circuit configuration.
Results and discussion
XRD analysis
Powder X-ray diffraction patterns used to study the phase purity and structural parameters for the undoped and varying concentration of Cu doped ZnO nanoparticles are illustrated in Fig. 1 . Sharp and intense XRD peaks demonstrate that the deposited nanocomposites are polycrystalline in nature. Comparison of the diffraction peaks with those of the Joint Committee on Powder Diffraction Standards (JCPDS) card no. 14-1451 revealed that the nanocomposites possess hexagonal wurtzite structure. All the samples depict no traces of Cu related phase (oxide of copper or any zinc related copper phase, metallic copper, etc.). Instead, it reveals that Cu 1+ ions have successfully replaced Zn 2+ ions yielding no effect on ZnO crystal structure. This successful substitution is caused by the approximately equal ionic radii of Zn 2+ (0.74 Å) and Cu 1+ (0.73 Å) ions. The lattice parameters determined by considering the (102) and (101) peaks of XRD patterns are listed in Table I and were calculated by the following equation:
Due to very small mismatch of ionic radius of Cu + and Zn 2+ ions, the lattice parameters a and c for all the Cu doped samples vary a little more than those of the undoped ZnO. For some Cu doped samples, the c/a ratio is slightly higher than the literature value of 1.60 (for an ideal ZnO structure) [41] . The almost constant c/a ratio (1.60) of Cu-ions doped nanocomposites indicates that the hexagonal wurtzite structure of pure ZnO has not been disturbed due to Cu-substitution in ZnO. A slight variation observed in the lattice parameters may be due to the existence of microstrains and lattice defects in the crystal structure. Unit cell volume and lattice parameters do not depend upon the temperature of annealing and/or on the presence of doping element but are influenced by microstrains and lattice defects in the crystal [42] . The unit cell volume of hexagonal crystal presented in Table I was calculated by the following Eq. [43] :
unit cell volume = a 2 c sin 60 Lattice parameters c/a ratio Unit cell volume a 2 c sin 60 In addition, peak shift was noticed for all the Cu doped samples towards the small angles as compared to that of undoped ZnO as obvious from Fig. 2 . This small peak shift is caused by the small mismatch between the ionic radii of Cu + and Zn 2+ ions which looks responsible for creating the microstrains and lattice defects [43] . The average crystallite size, t of all the samples was determined through Scherrer's formula (Eq. (5)) applied to the most intense diffraction peak (101) by measuring its full-width at the half maximum (FWHM), B, in radians [43] :
where λ is X-ray wavelength equal to 1.5406 Å and θ B is Bragg's angle in radians. For all the Cu doped ZnO samples, the average crystallite size has been noted to reduce almost linearly with rising Cu content in the ZnO nanoparticles as compared to that observed for pure ZnO as depicted by Fig. 3 and shown in Table I . An approximate relation between these parameters (the average crystallite size and Cu concentration) is depicted in the following equation: number of Cu atoms (ions) in the lattice, which may act as seed crystals to assist and enhance the process of nucleation as compared to rate of growth of these crystallites. In addition, a slight difference in ionic radii of Zn 2+ and Cu + may also be a cause of decrease in the crystallite size. In spite of this fact, copper doping in ZnO hinders the motion of grain boundaries and obstructs the growth of crystallites. The Zener pinning theory explains this fact, illustrating the motion of grain boundaries across the grain's edges [44] . According to this theory, an impending force is exerted by the crystallite's edges on the moving boundaries and these moving boundaries might get stuck upon replacement of Zn atoms by Cu ions and possibly Zn interstitials. As a result, crystallite development is prohibited as the impeding power is stronger than the main driving force for the grain development [45] . There might be some charge imbalance and crystal defects around the dopants due to doping of Cu in ZnO.
Scanning electron microscopy
SEM is usually practised for analyzing topography of the crystallites, as it reveals noteworthy facts regarding the size, the evolution process, and the shape of crystallites. SEM micrographs depicting morphology of the surfaces of all the nanocomposites are shown in Fig. 4a-d . It is evident from all of these SEM images that the average crystallites size is of the order of nanometer. SEM images also demonstrate the almost spherical or slightly elongated morphology of the crystallites in all the nanocomposite materials. Moreover, the crystallites are homogeneous and uniformly distributed throughout the lattice. Shape and size of the particles are largely developed by the presence of defects. Average crystallite size of undoped ZnO nanocomposite was determined through SEM images to be 78 nm which decreased to 49 nm for Cu doped composites as demonstrated by Fig. 3 along with crystallite size calculated through XRD. In both cases the trend is similar, but the magnitudes are larger, and the rate of decrease is relatively faster for SEM measurements as compared to those for XRD as obvious from Fig. 3 . Observed morphology of particles is expected to be mostly developed by the release of large amount of gases during combustion reaction, which made particles surfaces spongy-like. This sponginess of particles causes a reduction in the density. But with the addition of Cu dopant to the composites, surfaces became less porous due to the emission of relatively lesser amounts of gases during combustion. Consequently, with the disappearance of surface pores/holes, porosity of the samples is decreased and hence their density is increased. Additionally, with rising dopant concentration, the tendency of agglomeration among smaller particles was noted. Dielectric constant of a substance in general depends upon the applied frequency of AC field, the crystal structure, and temperature of measurement. Three dielectric parameters, including AC conduction, dielectric loss, and dielectric constant were measured at room temperature as a function of frequency in the range from 20 Hz to 1 MHz for undoped and copper doped ZnO nanocomposites. Relation used to compute dielectric constant is given by
where capacitance C of the dielectric material is measured in farad (F), L indicates pellet thickness, crosssectional area of the pellet is A and ε 0 shows permittivity of free space (8.85 × 10 −12 F/m). The variations of dielectric constant ε r versus AC field frequency is revealed in Fig. 5 . Figure 5 illustrates that ε r is high at lower frequencies, but it declines gradually and turns into nearly persistent value in the high frequency range. Such ε r declination might be associated with the formation of nanocrystallites surrounded by insulating grain boundaries. When AC field is applied, material becomes polarized, which lowers resultant field in the material. Consequently, with rise in frequency, ε r might decline. Already existing theories such as the Koops [46] theory and polarization philosophy of the Maxwell-Wagner [47, 48] can explain such type of dielectric constant behavior. As suggested by these theories, a dielectric material is comprised of conductive grains isolated by conductive grain boundaries which are poorly resistive. The size of grain boundaries is reduced with an increase in the crystallite size. Since crystallites are nanosized particles so they develop more grain boundaries. At high frequencies, grains become more effective while at low frequencies grain boundaries predominate. During sintering process, crystallite and hence grain boundaries are formed because of oxidation or reduction of particles surfaces [49] . The relatively sharp behavior of ε r at low frequencies and almost constant behavior at high frequencies lead to dielectric relaxation. Polarization of a material due to applied AC bias causes such dielectric relaxation. Charge carriers which are gathered at grain boundaries can migrate the grains by the application of AC field. Therefore, on the application of biasing field, such charge carriers easily migrate the grains which are accumulated at the grain boundaries. Consequently, large ε r and polarization can be produced. The large value of ε r at low frequencies is caused by low conduction through grain boundaries. In addition, inhomogeneous dielectric structure inducing interfacial or space charge polarization can also be responsible for this high value of ε r . Furthermore, porosity is also among inhomogeneities of the materials. An upsurge in the frequency of applied field causes a decrease in polarization, which afterwards approaches a persistent rate. Such gradual fall of dielectric constant might be related with the hopping mechanism of metallic ions (Zn 2+ , Cu + ). At lower frequencies, large proportion of ε r might be caused by the presence of defects such as oxygen vacancies, grain boundaries, etc., while reduction in ε r by a rise in frequency of the AC biasing field could be associated with lagging of polarizability behind higher frequencies [50] .
Dielectric loss (tan δ)
Dielectric loss (tan δ) represents the dissipated energy in dielectric systems caused by resonance of domain walls. Imperfections and dopants (impurities) play effective role in the lagging of polarization on the application of AC field, which leads to dielectric loss. Deterioration of ε r and tan(δ) can also be attributed to decrease in density caused by enhancement in porosity [51] . The low values of loss tan(δ) at large AC frequencies could be linked with variations in field alignment caused by magnetization and impeded movement of domain walls [51] . The observed variations in tan(δ) against frequencies of AC field at room temperature is displayed in Fig. 6 . It is notable that dielectric loss reveals analogous graphical behavior as noticed for dielectric constant. It is known that the loss tan(δ) becomes high due to polarization of space charges in the low frequency region [52] . As molecules are reoriented in polar dielectrics, some energy is dissipated by stresses because of internal friction. In addition, the diffusion of bipolar molecules from one site to the other utilizes some of the electrical energy that plays a role in the reduction of dielectric energy and hence leads to the dielectric loss. Absorption currents create dielectric loss due to the unequal distribution of defects and space charge in different layers. Polarization of space charges reduces tan(δ) [53] . Consequently, devices which operate at high frequencies are based on such materials whose dielectric loss reduces upon rising dopant quantity.
AC electrical conductivity (σ AC )
Following relation can be applied to calculate AC electrical conductivity, σ AC = 2πf ε 0 ε r tan δ, (8) which shows that AC conductivity is proportional to applied AC frequency and loss tan(δ) as demonstrated in Fig. 7 . It is noted that variations in σ AC are slow and gradual at lower frequencies but relatively swift at higher ones. The Maxwell-Wagner interfacial model suggests the key role of grain boundaries as potential barriers so charge carriers inside grains behave like charges in potential well [54] . That is why such charge carriers can move easily within grains but due to resistive interfaces between grains, these charge carriers cannot migrate between grains. At low frequencies, a gradual but weak conduction takes place because charge carriers are weakly drifting among grains. While rise in frequency can upsurge/enhance the tunneling of charge carriers leading to improvement in the AC conduction. Beyond certain value of increasing AC frequency, charge carriers can acquire enough amount of energy to surmount the potential barrier causing to speed up the charge conduction. Figure 7 also depicts that by increasing the dopant (Cu) quantity AC conduction shows improvement very much as compared to that of intrinsic ZnO. This increase in conduction may be associated with increase in charge carriers by increasing dopant percentage as Cu is a good conductor having a lot of free electrons [55] . Increasing dopant concentration causes to increase the number of charge carriers which can easily overcome the potential barrier or charge carrier's blocking defects. Therefore, hopping process improves by rise in charge carriers predominating blocking defects leading to increase in conductivity [56] . Additionally, hopping process can also be improved by increase of frequency of applied AC field, which can assist in decrease of the resistivity and hence increase of the conductivity [57] .
DC electrical conductivity (σ DC )
Intrinsic and extrinsic copper doped ZnO composites have also been investigated to assess the DC conduction at room temperature (27 • C) as well as with rising temperatures (50, 75, 100, and 125
• C). Computation of DC conductivity was carried out through current-voltage (I-V ) data using the following relation:
where resistance, area of the effective surface, and thickness of the pellet is represented by R (= I/V ), A, and L, respectively. Figure 8 shows DC conductivity of undoped and Cu doped composites, which demonstrates an increase in DC conductivity by increasing temperature displaying behavior analogous to that of semiconductors for all the undoped and Cu doped nanocomposites. In addition, it is noted that DC conductivity also raises with a rise in the concentration of copper in the ZnO nanocomposites. Such increase in DC conductivity of ZnO composites could be attributed to the highly conductive nature of copper because of having a lot of free electrons and being the noble metal. DC conductivity increase with rising temperature causes to multiply the natural defects such as oxygen vacancies and interstitial zinc atoms [58] . Hopping of charge carriers (electrons or holes) occurs among localized states during conduction. During hopping of electrons, perturbation takes place around molecules following the changes in structure as well as atomic polarization which happens as a result of hole or electron trapping. Such hopped electrons or holes try to affiliate with natural defects [59] . Moreover, increase in conductivity by increasing copper content and decreasing Zn ions in the Cu-doped ZnO could be attributed to non-stoichiometric nature of the material and to oxygen deficit produced by copper. Since Cu in ZnO is expected to transform into non-stoichiometric semiconducting oxide (Cu x O y ).
Optical properties 3.5.1. UV-visible spectrophotometry
As it is known that ZnO is a direct band gap material, so to estimate optical band gap energy of the pure and copper doped zinc oxide nanocomposites (Zn 1−x Cu x O) having different compositions with x = 0.01 to 0.06, absorbance spectra have been recorded at room temperature in the spectral region of 250-700 nm. The optical band gap energy E g values of pure and doped zinc oxide have been estimated from these plots of absorbance versus wavelength of all these nanocomposites as shown in Fig. 9 . The junction of two rectilinear regions have been utilized to deduce E g values which are presented in Table II . Following relation was used to compute the energy band gap: Figure 9 illustrates that the absorption spectra of intrinsic and copper doped ZnO nanocomposites are not similar and the band edges have been shifted to longer wavelengths depicting red shift on doping copper into ZnO nanocomposites. The optical Table II . These absorbance spectra reveal that Cu doping has led to some structural disorder in the zinc oxide lattice. Relatively sharp characteristic edge at about 366 nm indicates impurity suppressed good crystallinity of ZnO. Since absorption edge has shifted towards longer wavelengths, this indicates association of the surface oxides of Zn and Cu [60] . Moreover, such red shift might be due to increase in adsorption by enhancing copper content. By increasing copper content in the ZnO nanocomposite, shift in absorption edge to higher wavelengths further increases. In addition, increment in absorbance in the visible range is also noticed with increase of doping content. The photo-induced transition between valence and conduction bands and the impurity levels have been suggested to effectively improve light absorption in the visible light region [61, 62] . A rise in absorbance by enhancing copper content may be associated with a reduction in the size of nanocrystallites, and an enhancement in sponginess leads to decrease in the density, which causes narrowing of the band gap energy [63] .
Photoluminescence spectroscopy (PLS)
Photoluminescence emission spectra of undoped and copper doped ZnO nanocomposites recorded at room temperature are shown in Fig. 10 . The PL emission spectra shown in Fig. 10 demonstrate two broad peaks in the region between 375 and 475 nm for all the undoped and copper doped ZnO nanocomposites. A broad photoluminescence emission spectrum has already been observed from localized surface states of ZnO in the range of 340 nm to 550 nm, which was suggested to be formed due to recombination of photo-induced charge carriers [64] . The broad peaks centered at 398 nm and 442 nm appeared in undoped ZnO composites. The PL emission peak observed at 398 nm called UV emission might be attributed to the free excitation discharge at about 3.39 eV related to ZnO band gap, E g . This broad peak appears to be shifting towards higher wavelengths upon Cu doping into ZnO lattice, since more defects are produced as Cu substitutes Zn 2+ into the ZnO sublattice, consequently narrowing the E g [65] [66] [67] . Being a decent electron acceptor, copper acts as electron trapper for the electrons of ZnO excited from valence to conduction bands and so excellently reduces the recombination of electron-hole pairs leading to enhancement in the charge carrier parting [28] . Intensity of PL emission declines by increasing copper content as displayed by Fig. 10 . Such a decrease in PL emission intensity is found to be in accordance with the earlier literature reports [68] . It is known that recombination of the photogenerated electrons and holes during de-excitation produces PL emission spectrum. Small recombination percentage is the indication of less brightness by electrons and holes, whereas high emission intensity means high recombination rate. As PL emission intensity decreases on increasing copper content in the ZnO lattice, it implies that the recombination rate of photogenerated carrier's decreases effectively. Pure ZnO has the highest PL intensity while 5% copper doped ZnO gives the lowest emission intensity. Such a decrease in PL emission intensity by copper doping in ZnO nanocomposites is important for better photocatalytic activity.
Conclusions
Cu doped ZnO nanocomposite fabricated by autocombustion technique has been investigated for structural, dielectric, direct current, and photoluminescence properties. XRD data suggests that ZnO lattice structure does not change upon Cu doping. The crystallite size measured by XRD appears to decrease upon Cu doping, it is also verified by SEM measurements. SEM images also suggest the spherical morphology of particles with sponge-like nature. Dielectric measurements including dielectric constant, dielectric loss tan(δ), and AC conductivity were made on the basis of the Maxwell-Wagner theory as functions of Cu concentration as well as AC frequency. Dielectric constant and dielectric loss tan(δ) both decrease on enhancing Cu concentration in the composites and also with rising frequency of the AC source, while AC conduction displays opposite trend on increasing copper concentration as well as AC source frequency.
Similarly, DC electrical conductivity also shows improvement by rise in Cu quantity and temperature. Optical properties of ZnO can be tuned by Cu doping and reveal reduction in energy band gap E g . The observed decrease in photoluminescence emission intensity could be associated with reduction in the percent recombination of photo-induced electron-hole pairs as a result of Cu doping. The improved electrical and optical properties of ZnO nanocomposites upon Cu doping make these composites suitable for different optoelectronics devices, light emitting diodes, varistors, and effectively increase their photocatalytic efficiency.
